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$OOWKHVHDJHGVSHFLPHQVZHUHWHVWHGXQGHUWKHPLFURVFRSHDQGPLFURVWUXFWXUHRIHDFKZHUHREWDLQHGDQGDQDO\]HG
571 S. Prashantha et al. /  Procedia Materials Science  5 ( 2014 )  567 – 574 
$JHLQJDW&
7KHPLFURJUDSKVREWDLQHGDIWHUDJHLQJWKHDOOR\VSHFLPHQVDW&IRUDQGKRXULVDVLQ)LJ,WFDQEH
REVHUYHG WKDW WKHSUHFLSLWDWH VL]HKDV LQFUHDVHGZLWK WKH LQFUHDVH LQ WLPHRI DJHLQJ7KHPLFURVWUXFWXUDO DQDO\VLV
UHYHDOVWKDWZLWKWKHLQFUHDVHLQWKHWLPHRIDJHLQJWKHIRUPDWLRQRISUHFLSLWDWHVLVEHLQJLQFUHDVHG
)LJ2SWLFDOPLFURJUDSKVRIDOOR\VDPSOH&$%DJHLQJDW&DDIWHURQHKRXUDJHLQJEDIWHU
WZRKRXUDJHLQJFDIWHUWKUHHKRXUDJHLQJG DIWHU IRXUKRXUDJHLQJ
$JHLQJDW &
)LJVKRZVWKHPLFURJUDSKVRIWKHDOOR\VSHFLPHQDJHGDW&IRU DQGKRXURIGXUDWLRQ7KHGHQVHU
DQGGDUNHUSUHFLSLWDWHVDUHREVHUYHGLQWKHVSHFLPHQV$WKLJKHUWHPSHUDWXUHDQGLQFUHDVHLQWKHWLPHRIDJHLQJWKH
IRUPDWLRQRISUHFLSLWDWHVLQFUHDVHG
)LJ2SWLFDOPLFURJUDSKVRIDOOR\VDPSOH&$% DJHLQJDW&DDIWHURQHKRXUDJHLQJEDIWHUWZRKRXU
DJHLQJ FDIWHUWKUHHKRXUDJHLQJGDIWHUIRXUKRXUDJHLQJ
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7UDQVIRUPDWLRQ7HPSHUDWXUHDIWHU$JHLQJ
7KH SKDVHWUDQVIRUPDWLRQ7HPSHUDWXUHVRIWKHVDPSOHVZKLFKZHUHVXEMHFWHGWRDJHLQJVWXGLHVZHUHGHWHUPLQHG
E\'6& 7KH0V0I DQG$V $I WHPSHUDWXUHV RI WKH DJHG VDPSOHV DW YDULRXV WHPSHUDWXUHV DUH DV LQ WDEOH  LW
H[KLELWVDQLQFUHDVHLQWKHWUDQVIRUPDWLRQ WHPSHUDWXUHVDVWKHDJHLQJWLPHLQFUHDVHV7KHH[SRVXUHRIWKHDOOR\IRU
PRUHGXUDWLRQ OHDGV WRSRRU VKDSHPHPRU\VWUDLQ UHFRYHU\7KHSHDNVRIHQGRWKHUPLFDQGH[RWKHUPLFSURILOHVRI
'6& DUH DV LQ )LJ ,W LV REVHUYHG WKDW DIWHU  KRXU DJHLQJ ERWK WKH SKDVH WUDQVIRUPDWLRQ WHPSHUDWXUHV DUH LV
LQFUHDVHG$IWHUKRXUDJHLQJWKHWUDQVIRUPDWLRQWHPSHUDWXUHVDUHDWPD[LPXPYDOXHV
)LJ7KH'6&&XUYHVD$JHLQJDWKUE$JHLQJDWKF$JHLQJDWKG$JHLQJDWK
7DEOH7UDQVIRUPDWLRQWHPSHUDWXUHVRI60$DJHGDW&
$JHLQJ
7LPH
7UDQVIRUPDWLRQ7HPSHUDWXUHLQ &
0V 0I $V $I
    
    
    
    
60(DIWHU$JHLQJ
7KHVWUDLQUHFRYHU\E\60(RIWKHDOOR\VVXEMHFWHGWRYDULRXVDJHLQJWHPSHUDWXUHVDQGWLPHZHUHGHWHUPLQHGE\
EHQGWHVW,WZDVREVHUYHGWKDWZLWKLQFUHDVHLQWKHWLPHDQGWHPSHUDWXUHWKHVWUDLQUHFRYHU\E\60(LVGHFUHDVHG
GXH WR WKH IRUPDWLRQ RI SUHFLSLWDWHV 7KH IRUPDWLRQ RI SUHFLSLWDWHV FKDQJHV WKH FRPSRVLWLRQ RI WKH DOOR\ ZKLFK
WKHUHE\FKDQJHV WKH60(RI WKHDOOR\7KHYDULDWLRQ LQVWUDLQUHFRYHU\E\60(DIWHUDJHLQJDW&IRUYDULRXV
GXUDWLRQLVDVLQWDEOH
7DEOH9DULDWLRQLQ60(DIWHUEHQGWHVW%HIRUHDQGDIWHUDJHLQJDW&
6DPSOH 60(
%HIRUH$JHLQJ $IWHUKUDJHLQJ $IWHUKUDJHLQJ $IWHUKUDJHLQJ
&$%    
&$%    
&$%    
&$%    
&$%    
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0LFUR +DUGQHVV7HVW
0LFURKDUGQHVVWHVWZDVSHUIRUPHGRQWKHVSHFLPHQVZKLFKZHUHVXEMHFWHGDJHLQJWRH[DPLQHZKHWKHUWKHUHLVDQ\
FKDQJH LQ WKHPHFKDQLFDOSURSHUWLHVRI WKHPDWHULDOZKHQ WKH\DUHDJHG IRUGLIIHUHQW WLPHGXUDWLRQ $ ORDG RI
JUDPIRUVHF KDVEHHQXVHG IRUWHVWLQJ
7KHYDULDWLRQRI9LFNHUVKDUGQHVVRIWKHKHDWWUHDWHGVDPSOHVDW&DQG&ZLWKDJHLQJWLPHLVVKRZQLQ
)LJ D DQG E )URP WKH JUDSK LW LV REVHUYHG WKDW WKH9LFNHUV KDUGQHVV RI WKH DOOR\ LQFUHDVHV ZLWK LQFUHDVLQJ
DJHLQJ GXUDWLRQ 7KH IRUPDWLRQV RI SUHFLSLWDWHV LQ WKH DOOR\ LV LQFUHDVHG ZLWK LQFUHDVH LQ DJHLQJ WLPH 7KH
LPSHUIHFWLRQV SUHVHQW LQ WKH DOOR\ZLOO PRYH DQG ILOO WKH HPSW\ VSDFHV DW KLJKHU WHPSHUDWXUHV ZKLFK VROLGLI\ RQ
FRROLQJZKLFKKDUGHQVWKHDOOR\7KHYDULDWLRQLQ KDUGQHVVZLWKYDULDWLRQLQDJHLQJWLPHDQGWHPSHUDWXUHLVDVJLYHQ
LQWDEOHDQG
7DEOH9DULDWLRQLQ9+1RI&X$O%H60$%HIRUHDQG$IWHU$JHLQJIRU&
$OOR\,' %HIRUH$JHLQJ
$IWHUKU
DJHLQJ
$IWHUKU
$JHLQJ
$IWHUKU
$JHLQJ
$IWHUKU
$JHLQJ
&$%     
&$%     
&$%     
&$%     
&$%     
7DEOH9DULDWLRQLQ9+1RI&X$O%H60$%HIRUHDQGDIWHUDJHLQJIRU&
$OOR\,' %HIRUH
$JHLQJ
$IWHUKU
$JHLQJ
$IWHUKU
$JHLQJ
$IWHUKU
$JHLQJ
$IWHUKU
$JHLQJ
&$%     
&$%     
&$%     
&$%     
&$%     
D E
)LJ9+1YV&RPSRVLWLRQRI%HLQZWD$JHLQJDW&E$JHLQJDW&
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&RQFOXVLRQV
x 7KH &X$O%H 60$¶V H[KLELWV JRRG 60( XS WR  ZKLFK YDULHV ZLWK YDULDWLRQ LQ FKHPLFDO
FRPSRVLWLRQRIWKHDOOR\V
x 7KH&X$O%H60$VIRUPVYDULRXVSUHFLSLWDWHVRQDJHLQJ
x 7KH IRUPDWLRQ RISUHFLSLWDWHVHQKDQFHVZLWKLQFUHDVHLQWKHGXUDWLRQ RIDJHLQJ
x 7KHWUDQVIRUPDWLRQWHPSHUDWXUHVLQFUHDVHZLWKLQFUHDVHLQWKHDJHLQJWLPHDQGWHPSHUDWXUH
x 7KHKDUGQHVVRIWKHDOOR\VLVLQFUHDVLQJZLWKLQFUHDVHLQWKHDJHLQJWLPHDQGWKHDPRXQWRIEHU\OOLXP
LQWKHDOOR\DVLWIRUPVDKDUGOD\HURIEHU\OOLXPR[LGH
x 7KH VWUDLQ UHFRYHU\E\6KDSH0HPRU\(IIHFWGHFUHDVHVZLWK WKH LQFUHDVH LQ WKH DJHLQJ WLPHGXH WR
LQFUHDVHLQWKHDPRXQWRISUHFLSLWDWHV
5HIHUHQFHV
%DOR 6 1 &H\ODQ 0 (IIHFW RI %H FRQWHQW RQ VRPH FKDUDFWHULVWLFV RI &X$O%H VKDSHPHPRU\ DOOR\V - 0DWHU 3URFHVV
7HFKQRO 
%DOR 6 1 &H\ODQ 0 $NVR\(IIHFWRIGHIRUPDWLRQRQWKHPLFURVWUXFWXUHRID&X$O%HVKDSHPHPRU\DOOR\ - 0DWHU 6FL
(QJ $  
%HONDKOD6)ORUHV=XQLJD+*XHQLQ*(ODERUDWLRQDQGFKDUDFWHUL]DWLRQRIQHZ ORZWHPSHUDWXUHVKDSHPHPRU\&X±
$O±%HDOOR\V 0DWHU6FL(QJYRO $ S
&KHQWRXI 60 %RXDEGDOODK 0 &KHQLWL + (EHUKDUGW $ 3DWRRU ( 6DUL $$JHLQJ6WXG\RI&X$O%HK\SRHXWHFWRLGVKDSH
PHPRU\DOOR\- 0DWHULDOV &KDUDFWHUL]DWLRQ  
&KXQJ&</DP&:+7DQ66&XEDVHGVKDSHPHPRU\DOOR\VZLWK 0Q$QG=UDGGLWLRQ 0DWHULDOV OHWWHUV 
 SS 0DWHU/HWW
)HQJ&KHQ%LQJ7LDQ<X[LDQJ 7RQJ <XIHQJ =KHQJ 7UDQVIRUPDWLRQEHKDYLRUDQGVKDSHPHPRU\HIIHFWRI&R$ODOOR\
,QWHU - 0RG 3K\V %  
-XUDGR0&DVWDQ70DQRVD/,3ODQHV$%DVVDV-$OFREp;0RULQ06WXG\RIWKHRUGHUGLVRUGHUSKDVHWUDQVLWLRQVLQ &X±
$O±%HVKDSHPHPRU\ DOOR\V3KLORV0DJ$±
+HUQDQGH]-+2FKRD07)ORUHV=XQLJD+(VSLQRVD0DJDQD)5LRV-DUD'6WXG\RIWKHRUGHU±GLVRUGHUWUDQVLWLRQ
DQGPDUWHQVLWLFWUDQVIRUPDWLRQLQD&X± $O±%HDOOR\E\((/6-(OHFWURQ6SHFWURVF5HODW3KHQRP±
+VX&$:DQJ :++VX< ) 5HKEDFK:3  7KH UHILQHPHQW WUHDWPHQW RIPDUWHQVLWH LQ &X±ZW$O±
ZW%HVKDSHPHPRU\DOOR\V-RXUQDORI$OOR\VDQG&RPSRXQGV±
.XR++:DQJ:++VX<)0LFURVWXUFWUXDOFKDUDFWHULVDWLRQRISUHFLSLWDWHVLQ&XZW$O%HVKDSHPHPRU\DOOR\
-0DWHU6FL(QJ$
0DQRVD/,-XUDGR0*RQ]DOH]&RPDV$2EUDGR(3ODQHV$=DUHVWN\-HWDO$FRPSDULWLYHVWXG\VWXG\RIWKHSRVWTXHQFK
EHKDYLRXURI&X$O%HDQG&X=Q$OVKDSHPHPRU\DOOR\V$FWD0DWHU±
0DOOLN866DPSDWK9 (IIHFW RI FRPSRVLWLRQ DQG DJHLQJRQGDPSLQJ FKDUDFWHULVWLFV RI&X±$O±0Q VKDSHPHPRU\
DOOR\V0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$±
0L\D]DNL62WVXND .'HYHORSPHQWRI6KDSH0HPRU\$OOR\V,6,-,QWHUQDWLRQDO
:X0+6FKHWN\/0,QGXVWULDODSSOLFDWLRQVIRUVKDSHPHPRU\DOOR\V,Q3URFHHGLQJVRIWKHLQWHUQDWLRQDOFRQIHUHQFHRQ
VKDSHPHPRU\DQGVXSHUHODVWLFWHFKQRORJLHV3DFLILF*URYH&DOLIRUQLDSS±
=XQLJD+)5LRV-DUD'/RYH\)&*XHQLQ*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
$FNQRZOHGJHPHQWV
7KH DXWKRUV DFNQRZOHGJH WKH VXSSRUW RI WKH 5 	 ' &HQWUH 'HSDUWPHQW RI 0HFKDQLFDO (QJLQHHULQJ 6LGGDJDQJD
,QVWLWXWHRI7HFKQRORJ\7XPNXUZKHUHWKHH[SHULPHQWDOZRUNRIWKLVSDSHUZDVFDUULHGRXW
